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FOREWORD

Hydraulic model studies of the Dickinson Dam
Spillway, & part of the Missouri River Basin
Project, were conducted in the Hydraulic Labofatory
of the Bureau of Reclamztion at Denver, Colorado,
during the period January 20, 1948, to loy 5, 1949,

The firal plens, evolvod from this study, were
developed through the cooperation of the staffs of
the Spillway ond Outlet Section floe 1 and the
Hydraulic Laboratory,

During the course of the nodel studies,
Messrs, D, C, leConaughy and L. M, Siimson of the
Spillvay and Outlet Section llo. 1 froquently visited ‘
the laboratory to observe the model tests and 4o
discuss test results,

These studies were conducted by G. L. Beichley
under the direct supervision of V., E. Wagner, A, J,

Peterka, and J, I, 3radley.
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SUITIATY

Iydraulic nodel studies were made on n 1:36 scale nodel of Dickinson
Jec. Spillway for the purpose of developing ond checlking the hydraulic
design by means of perforaance tests. Datn and notes were talten on the
flow in the spillway approach, the spillway itself, the stilling-basin,
ead on flow in the river channel below the structure.

llore spoccifically, tests were conducted to choecl: flow conditions in
the approach to the spillway, Tigure 9, and to deterxine the characteris-
tics of the spillwa: both as to capacity =and pressures on the spillway
crest and lace, Figures 1C and 11, The spillwoy was also tested for
neads higher than those proposed for the prototype to deteriine whether
the crcst could be reshaped to provide & greater discharge coefficient,
figure 1Z. These tests showed the original crest shape to be satisfac-
tory and that a greatcr spillway coefficient could not bc expected with-
out modifiing The ontire spillwmy profile by increasing the heipght of
free foll.

rerfommance tests on three diffcrent stilling-Lasins, Figure 4, were
ude to deteridne the iiost cconoideal proportions and diziensions of the
Lasin, Tac end sill, and the wing=walls at the eand of the basin, which
would provide the least auount of erosion at the downstrem: end of the
sesln.  Scour pattorns wiere used Uo evaluawe the eflectivencss of each
desipn, Iisures 1T, o, 2§, and 20, Welcr-surface profiles in the
etilling-besin were recorded for the oripinal and reeorrionded design,
Figures 17 and 27, and stability tests were nade to deterzine the lowest
Loilwater elevation pocsible before the Jjuyp wns swept off the apron,
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fests on the orizinal desipgn, Jisure 4ln,, showed that the perform-
ance of tho structure, in general, was satisfactor-, Jipures 14, 15,
and 16, Lut tint it it be possitle to obtain cgqual stilling-basin per-
fomiunnce by using o sloping apron, Fipure 4(c). Yests showod that the
crosion below the sloping apron wes not excossive, Fipgure 25, and that
v.e tailwater elevation could be lowered 4,2 feet below the cxpected low
eluvation before thie juwip was swept off the apron, Page &. inis modi-~
fiod apron used with 450 wing-walls to replace the 900 walls at the end




of thec apron showed an improved scour pattern, Figures 18 and 23, Details
of this design, recormended for prototype use, are shown in Figures 3 and
4(c). TFigures 8, 24, 25, and 26 show the operation of the dosign recom-
miended for prototype construction.

IITRCDUCTIOU

Dicizinson Dam is o part of the Heart River Unit of the Missouri River
basin Project. It is located on the Heart River in Southwestern North
DJalota, Figure 1. The dam, Figure 2, is an earth-fill structure approxi-
antely 2,500 feet long at the erest and has a maximum height of approxi-
mately 40 feet above the channel bed.

A conerete spillway, Figure 3, 200 feet wide, is located noar the
right abutment. <the spillway has an uncontrolled crest and is designed
to pass 55,200 second-feet at maximwa reservoir clevaition 2428.9, which
corresponds to a discharge of 166 second-feet per lineal foot of spillway
width. The spillway crest is at elevation 241645, 12,4 feet below the
naximun water surface of the rescrvoir, and the spillway approachi channel
is excavated to 4,5 feet helow the crest,

The intake to the outlet works is loeated in the left wing-wall of
the spillway approach channel, The approach chamnel to the outlet works
is excavated through the spillway approach channel at slevation 2404,
12.5 feet below the spillway crest,

As originally designed, the vertical fall from spillway cres® to the
apron was 35 feet and the distance from the crest line tc the start of
the horizontal apron was 201,12 feet. The length of the horizontal apron
was 57 feet or 2bout 2,4 (dp), where da2. is the expeclted depth of water at
the dovmstrean end of the stilling-basin when tho spillway is discharging
33,200 second-feet., Chute blocks were installed on the dovmstream end of
e spillway face, vhere it joined the horizontal apron end a dentated
ill was pleced on the dowvmstrex: end of the apron, as shown in Figure
(a). The chute blocks and the dentated sill were 4 feet high or approx-
imately the height of the expected d) dimension, where dy is ‘the depth
of the water normal to the spillway face just upstrean from the hydraulic
Junp for a discharge of 335,200 second-festa
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Approxinately 2,600 feet dovmstreanm from the spillway stilling-basin
is 2o conerete overflow dan, Figure 5, referred to as a diversion dam on
the tailvater curves of Figure U. [Irom the stilling-basin to the diver-
sion dar the prototype river bottom is sand covered with a 10-foot layer
of silt. It is possible that at some fubure dato the diversion dan nay
be removed; in wiiich case the layer of silt would eventually be washed
away, IFor this rcason two different tailwater elevations are possible
Jor each discharge, as indicated by the two tailwater curves of Figure
S. iicreafter in this report, the tailwater elevation with the diversion
aa: in place will be referred to as high tailwater; with: the diversion
deus reoved, low tailwater,



I LIODEL

The nodel shown in igure 6 and by photograph in Figures 7 and 3,
is a 1:36 scale reproductiuvn of the spillway and surrounding area and
vas constructod and tosted in the Bureau of Reclametion Hydraulic Labora-
tory at the Denver Federal Center. The reservoir was reproduced for a
distance of 400 feet upstreamm from the spillway and the lower river
channel for a distance of 425 feet downstream from the spillway apron,

Topographyr in the rescrvoir area of the model was molded ef concrate
nortar placed on nmetal lath, llodel conercte surfaces simulating noncon-
crete gsurfaces of the protetype such as topography were given a brush
finish, while irodel concrete surfaces simulating prototype concrecte sur-
faces were given a smooth finish, Tnhe concrete spillway approach apron,.
spilliray crest and face, ond stilling~-bosin apron were molded in cement
mortar to sheet-metal templates. A l-inch-wide strip of sheet metal was
Tastened to the template located on the centerline of the spillway and
the piezomeicrs. which consisted of smell-~bere copper tubing, we, . in-
serted norel o the surface determined by.the metal strip and dressed
flusi, Thus, the pieszometer openings were on o smooth, pelished metal
strip which conformed exactly to the spillway profile.

Chuve blocks and the dentated end sill were made of wood and sanded
smooth, hie approach wing~walls and spillivmy training-wall surfaoces were
of sheot metals The 90° wing-walls of the original stilling-basin design
were constructed as s part of the model test box encloging the tailwater
area, while the 450 wing-walls of the second and recormicnded stilling-basin
desipns were of 5/4-inch plywood extending out into the tailvwater arca,
Vialls and floors of the boxes enclosing the tailwater area as well as the
reservoir crec were covercd with metal sheets soldered together to provide
@ watertight contriner,

Since the topography devmstream from the prototype stilling-basin
wrould be subject %o erosion below the maxinmum expected tailwater elevation
of approximately 2404,8, an crodible hed below this elevation was required
in the model in order Yo determine the erosion tendencies that would be
present in the prototype. Thus, the topography below elevntion 2406 in
the model was nolded in sand, while the topography above this elevationm
was molded in concrote similar to that in the reservoir aroas A sample
ol the sand used throughout the crodible bed was analyzed and found to
be as shovwn in the following teble:

Sicve Analysis of Jand Sawple

iios 2 zieve 100 percent
100 siove 31 percent
iCa ' sieve 63 percent
i0s U0 sieve 27 percent
0a sieve 3 percent
10« 100 sicve 0 percent
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e riprap dowrstrooan rom the protatyrne stilling-basin was reproduced
oo sand s1-I1ar te that used in the remainder of the erodibhle bhed,
atwc than with o coarser apcrerate, in order to more casily and accu-
ztely dotermine the crosion tendencies in the model. It was thus assumed
het Af the erosion pattern was satisfactory with the sand in place, the
atbern would alse be satisfactory if riprap protection was also provided
1n the rrototvnc.  Riprap on the sido slopes of the prototype stilling-
hasin wag repraduaad i1 the rodel with 1- 1/°~1non coarse rocl rather twan
with sand because »f the inhorent tendency of the sand to slump when wet.

Visber was 5u;nllc to the model by a nortab?o f-ineh pmp through
"

s Redinel line, inchareas were measnred buan 8-inch orilice-venturi
m*?ﬂr nlzeed 10 bhwe QJUU]" lines The reservoir and tailwater cle-

vallons wers monsured by a hookpare and pointrage, respectively, located

" t

inothe wodal 2g shown in Firure . The tailwater clovation was controlled
hoa omate at the extreme dovnstroun end of the model. The proper tail-
w2tor cebtine was determined from the teilwater curves shown in Firure
resseres were measured by means of 15 piezometers nlaced ns
wwe. ater=surface profiles were measurced by use of a point-
o a horizontal puide rail parallel to the spillway center-
iatanse of abovt one-third tho spillway width from the rifat-
band trainineewall, as shovm in Firures 6 and 7(c)

THL IMVESTIGATI

n was primarily concerncod with the pprﬁormanﬂe of
ing its maximum designed discharge of 33,200 second-
dz to 168 second-fect per lineal foot of spillway
«4 feet on the crest, since this flow created the
througnout the structures. To a lesser depree dis-
housand second-feet were invesiirated in order to bhe
vre eoperated as intended over the entire discharge
ion included the testing of the spillway approsach,
Plway cress, original stilling-basin design, and two other stilling-
desirms wirlon were modilications of .the oririnal. In %:. modified
1rus the apron ves chenped from horizontal to sloping and the stilling-
is were chanmed from a 2% to a 45° anrle.

Tne chora~teristics of the srnililway approa are shown in Uirures
A{a} and 7(b) ww Jlow eomditions for o rarpe of discherses were ohserved
Irowaxd arces. Vlew econditions for o dischnrge of 533,200 seconi-foet are
hown in riourc h(u, For this dizoharre o gli-hi drawiowm and disturd-

SRCe Was abserved 2% the upstrean ends of the anproach wing-walls. The
irawdownt arounc the left wall is shown close us in %irure 9(%) and was
sleehtly prester than thet ocourring around the rirhbt wall., As the dis-—
turbance was minor and had no effect on the performunce of the structure
2o echanme in desirn iz recomnended in this area.




Spillway Crest

. The spillway was rated by model tests to determine its capacity and
to determine the value of the coefficient "C" in the equation:

/
Q = cLHY?

The profile of the spillway crest is shown in Figurcs 3 and 4{a). The ca-
pacity of the snillway was found to be 32,600 second-feet at maximum res-
ervoir clevation 2428.9 with a corresponding coeffliclient of 3.74, as shown
in Firure 10. Other headwater-discharge reslations and headwater-coefficient
relations for thc entiro ranpe of operation are also shown in Fipure 10,
3ince the actual discharges proved to be very close to the [lows predicted

bw the desirners, the crest structure was satisfactory from the standpoint

of discharrge.

Fressures on the spillway crest and on the spillway face were lound
to be positive for all discharges. The manometer board showing the
model pressures while the spillway was discharging 33,200 second-feet
was photerraphed and is shown in Figure 11.

The plus pressures on the crest and immediately downstream, showm
in Fipure 11, indicate that some of the pressure head causing flow over
tho crest is not beinp fully utilized in producing flow. 1t wes believed
that it micht be possible te reshape the crest %o obtain a lower posi-
tive rressure or even a subatmospheric rressure and thereby increase the
discharpe ceefficients Thus, the maximum flood could be passed at a
lower reservoir elevation and the height of the dam or the spillway length
could be reduced. The one drawback to this procedure appeared to be the
relatively low drop from the spillway crest to the [lat portion of the
spillway profile at about Station 8+14, Fizure 12. This drop amounted
to onlw 4.5 feet and for discharges above 7,000 segcond-feet, Figure 10,
the head on the crest was greater than the drop over the spillway crest.
As g result of this condition, discharges for heads greater than 4.5 feet
mirht e noticeably affected by the lack of a free fall condition below
the crest. To detecrmire how great this effect was, tests were made at
hirher heads than would be expected on the prototype and pressures were
moasurced., The results are plotted in Fipure 12. These curves show an
increase in pressure below the crest with increasing head. The discharge
cneflicient, however, remains constant st about 3,74, indicating that
1ittle cculd be pained by reshaping the crest unless the elevation of
e 5pillway profile could be lowered substantially, beginning at §Station
this was not practical in tho prototype, no <hange in the
way crest shape is rccormended.

Stilling-basin

gn==llorizontal apron. The orininal design of the
in used a horizontal apron, as shown in Firure 4(a)
The lenpth of the apron was avproximately




Co# (dn) where d is the depth of water over the ond of the apron for

the maximun discharge, he height of the chute blocks and donlils were
approxinately the dj dimension where dy is the depth of water rormal to
the spillway face just upstream from the start of the hydraulic: jump for

the moximw: discharges .

e operation of the stilling-besin was obsorved for discharges of
10, 20, ond 35,2 thousand sccond~feot, Lach discharpe wus rur with high
and low tailwoter elevationse

Tae water surface in the stilling-pool was nearly horizontal and
gquite smooth even for the maximun discharge, nc showm in Pigures 14, 15,
ond 16, The stilling-basin depth was more than adequate to produce o
_sntisfactory hydraulic jump as indicoted by the water-surface: profile of
Tizure 17

L.odel scour tests of 2 hours! duration werc run for the maximen dis-
charge wit: both high and low tailwatere laximumm scour occurred neur the
lef% bank just dovmstrean from tihe ond sill, ac shovm by the vhotographs
of Figure 18, In this ares the walter leaving the apron was directed to
the surface by the end sill, causing tho otherwise still wajer on the
loft to be dravm in under the main flow in the form of a ~ubsurface eddye
Tis induced flow was more or less parallel to the end sill for o short
distance; then it was gradually turned dovmstrean by the main flow and
cavsed the orosion illustrated in Figure 19{(a)e Becausc of the proximity
of ‘the baznk below tho right-hand side of the stilling-pool, there was no
violent eddy and a different type of flow action occurred near the apron
corner on the righte. In this area a ground roller caused by the flow
rrer the end sill deposited sand at tho end of the apron, thereby estab-
lishing protection from undernining, as illustrated in Figurc 19(b),

The performance of this stilling-basin was entircly satisfactory and

would have becn recorziended for usc in the prototype structure except
that it was bolieved that a less costly apron could be devised which

would perfomm equally welle

Second design~~Sloping aprone As a result of the tests on the hor-
izontal apron, it was epnarent that tho apron was more than adequate to
handle large spillway discharges and it was believed that a sloping
apron, vi:ich would reduce the amount cf excavation in the stilling~basin,
would provide ample profection agains® dangerous erosiole The second
basin tested had an apron which sloped dowmwnrd in tne dovmstream dirce-
tion on on 3:1 slopes The downstrocan end of the aprom rouained at the
some station and eclevation as that of the original design, while the up-
strean end was raised %o join the spillwny face with a vertical curve,
as shovn in Fisure 4{b), Ihis chungc in apron desi’n nade nceesstry
slicht cltovrations in detail of the dentated end sill and chute blocks,
which arc also showm in Figure 4{b). The 90° wing-walls at the end of
the apron were changed te 48%, Figuwe Q(b), for the purposc of recducing
Uir eddy action at the apron corners and thoreby reducing the riverved
erosion, Tests on other previcusly %esied medels had shovm this to be
an cffective procedurc, Figurc 20 is @ photograph showing the sloping
apron and 45° wing-walls installed in the :odel,




Flow through the stilling-basin for discharpes of 10, 10, and 3562
thousand socond-feot was cbserved ond f5r each discharpe with both high
and low tailwator the jump Cformed in tho stilling-bnsin ns desired, Flows

£ 10, 20, and 53,2 thousand sceend-feet operating with low tailwoter are
shorm in Figure 21, Cperation with high tailwater was found to be less
critical than with low teilwator, nnd dunsaguently tho basin was tested
primarily for low-tailwater conditionse

A Z=hour model scour test was run with low teilwater and the spill-
vay passing 0U,L00 second-fecte A conmsiderable guantity of sand Was
carried awery from aleny the entirs lergth of the end sill, as shovm in
Pipure 22(a)c Iu the pretotype this might eventually result in undemmining
of the structure ond *he need for costly repairse lio furthier tests were
nade on this design, since it was felt that the stilling-basin could be
nodified to produce & nore aceeptnble srosion pattern,

Upon analysing the sleping apron design to deternine the cause of
the undesirable scour pattern, it was believed that the slope of the up-
streem face of the end sill was too flat and that the dentils on the sill
were toa low to completely tumm the oncoming weter toward the surfacee
hvidently, the main flow contimued in a dowmvard dirsction after leaving
the apron, causing crosion close to the end sill and for quite some dis-
tance devmstrecmy, s illustrated in Fiqure 22(b)s It was belicved that
o odification of the dentoted end sill would correst this cendition,

“ecomended design--Sloping epron, hw dentated end cill ol the rece
sy -
E RS

ommicnded Gasign was raised lelS feet highor than that of the second design,

aiing the £ill identical in size and dotail to that of the original dosipgn,
< - . » A * h

.5 sinovm in Tthe draving of Figure 4{c) and the photorraph of Figure 23,

Iy e

Mhor featurcs of the previously disecussed second design remained unchangede

Flows through the stilling-basin of 10, 20, and 33,2 thousand second-
feet, ench with wigh and low teilwater, were observed, The hydraulic jump
fomed ard appeared very mmuch the seme as that of the second design, as
nay be seen by comparing Figum 21 with Figures 24, 25, and 26, The char-
acter of the water surface is showm in the profiles of Figure 27,

Two-hour :modzl scour tests were run with discharges of 10, 20 and
33,2 thousand second-fest, each with hizh and low tailwatere. Hegligible
scouring oceurred with discharges of 20,000 second-fest or less. For
J5,000 sccond-feet the scour pattern showed that sand had noved upstrean
in the right-hand two-ihirds of the devmstreamt channel and was deposited
close to the and sille The decpest scour occurred on the left side well
downstreen from Yie end sill and awaw from the wing~wall, Tonls erosion
wr2g not as deep as that found for the original desipn and will not en~
Con, er the prototype structurce ‘The scour pattems for discharges of
55.200 second fact {nr both high and low tailwater are shown in Figure

ey

[P

the stabillty of the hydravlic Juap on the sloping apron was tosted
by setting the dischnrge ob 55,200 secend-fect and glowly lowering the




tnilvrnser clevetion unvil tho junp was uHOL'L from the apron, At tail-
wetor olevation ICUCL7 the junp hod oved dovmstiroam suffi cicntl;-; to wash
out over the end sill in gevernl plocos weros:s the apron widih, The tail-
vever elevabien wes then raised and at clevation 2588,8 the jump egain

T¢ll bael: invo the stilling-bagin over the ontire width, This latter cle-
vatlon is 442 feot below the cipected low tailwater elevation for a spill-

rt

wars dischoarre of 85,0200 socomnid-foet

-~

A no.:p%rlson of Pipures € and 18 and cn analyzsis of the tests per—
Jormed .mmcc ses thot the improvenent of the geour pattern is due to
replacing the 900 wing=wialls with 450 walls, since ulopinr the apron
shienld not in itsell improve the scour patterne To deteriaine the exact
eflect of the 45° wells, & scour Test, Pigure 29, with low teilvmter and
the gpillwey passing 3,200 secon d’"l@eu was ade on the recomriended desipgn
Just deoscrived, using 90° ying-walls instead of the 45° wells, The scour
pattorn s aloest iduntical vo that of the oripginel design, Mgpure 18,
iadiecating that the improved scour pottern of the recormended design was
due entirely to the 409 wing-vallse The lcgser amount of scour below the
lefé-hand side of the pool is the result of rcplasing the 200 vring-wall
wwith a 469 wing-waell, The improvemont resultoed beeauso the 459 wall ex- -
tended out i "*-"o ti:e pool, preventing some cf the undermter eddy current
Irom swecping in from the side and scouring the pool boltome
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A. Loqking upstream - Showing tallwater control
gate, tallwater point gage, etc.

B.

C. Looking upstream - Showing water-surface profile
gage installed
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B. 10,000 second-feet - Low tailwater

DICKINSON DAM SPILLWAY
MODEL IN OPERATION - RECOMMENDED DESIGN
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Draw-down at left wing-wall

DICKINSON DAM SPILLWAY
SPILLWAY APFROACH - ORIGINAL AND RECOMMENDED DESIGN
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FIGURE 11

Manometor Board
Pressure scale 1s in feet of water, prototype

DICKINSON DAM SPILIWAY
SPILLWAY AND CREST PRESSURES FOR THE ORIGINAL AND RECOMMERDED DESIGN
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Stilling-basin with 90 degree wing-walls and dentils
on end sill 4 feet high

DICKINSON DAM SPILLWAY
ORIGINAL STILLING-BASIN DESIGN - HURIZONTAL APRON
1:36 MODIKL
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Low tallwster B. High tailwater

DICKINSON DAM SPILLWAY
ORIGINAL STILLING-BASIN DESIGN - HORIZONTAL APRON
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FIGURE 19

Woter Line

]

-—-—--—&_U'ﬁder Currents
== Surfoce Currents

a. PLAN

- ~—

b. SECTION a-a

DICKINSON DAM SPILLWAY
FLOW CURRENTS IN THE ORIGINAL STILLING BASIN DESIGN—
1136 MODEL

HORIZONTAL APRON
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Scour resulting from 33,200 second-feet discharge

model was operated 2 hours with low tailwater

B. Flow currents

DICKINSON DAM SPILLWAY
SECOND STILLING~BASIN DESIGN -~ SLOPING AFRON
SCCUR PATTERN AND FIOW CURRENTS
1:36 MODEL




Stilling-basin with 45 degree wing-walls and dentils
on end sill 4 feet high

DICKINSON DAM SPILIWAY
RECOMMENDFED STILLING-BASIN DESIGN - SIOPING APRON
1:36 MODEL
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High tailwater Low taillwater

DICKINSON DAM SPILLWAY
RECOMMENDED STILLING-BASIN DESIGN - SLOPING AFRON
DISCHARGE 20,000 SECOND-FEET
1:36 MODEL
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FIGURE 28

Frosion pattern after 2 hours operation of the model
with low tailwater

Erosion pattern after 2 hours opsration of the model
with bhigh tailwater

DICKINSON DAM SPILLWAY
RECOMMEND STILLING-BASIN DESIGN - SLOPING APRON
SCOUR FOR 33,200 SECOND-FEET DISCHARGE
1:36 MODEL




Erosion pattern after 2 hours operation of the model with low
taillwater

DICKINSON DAM SPILLWAY
EFFECT OF 90° W’NG-WALLS ON SCOUR PATTERN
DISCHARGE 33,200 SECOND-FEET
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